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What is claimed is: 



1 . A machine-vision hdad for measuring a three-dimensional geometry of a device 
having a surface to be measured, comprising: 
a projector, the projector comprising: 

a first light source having a projection optical axis that intersects the 

device; 

a projection-imaging element positioned along the projection optical 
axis and spaced from the first light source; and 

a projection-p ittern element positioned between the first light source 
and the projection im; tging element along the projection optical axis, the 
projection-pattern element having a repeating sine-wave light-modulation 
pattern as measured along a line on the projection-pattern element; and 



an imager, the imager having 
substantially at the projection optica 



2. 



a reception optical axis that intersects the device 
axis. 

fo 

The machine-vision head according to claim 1, wherein the projection-pattern element 
light-modulation pattern includes a repeating pattern of grid lines having substantially 
constant density along lines in a direction parallel to the grid lines and a sine-wave density 
along lines in a direction perpendicular to the grid lines. 



axis 



3 . The machine- vision head according to claim 2, wherein the first light source 
includes a elongated incandescentffilament having a dimension along a longitudinal 
substantially longer than a width>herein the longitudinal axis of the filament is substantially 
perpendicular to the projection oj&tical axis and substantially parallel to the grid lines of the 
proj ection-pattem element. 



4. The machine-vision head according to claim 2, further comprising a projection mask 
having an elongated aperture having a dimension along a length axis substantially longer than 
a dimension along a width axis perpendicular to the length axis, and wherein the length axis 
is substantially parallel to thi grid lines of the projection-pattern element. 
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5. The maclune-visioV head according to claim 4, wherein the projection mask limits the 
projected light to less than \bout three sine-wave cycles of the sine-wave pattern. 



6. 



The machine-vision head according to claim 4, further comprising a projection-mask 
actuator operable to adjust a position of the projection mask. 



7. 



The machine-vision head according to claim 1, further 



controller, coupled to receive intensity information regarding light output from 



source, that outputs a control signal based 



comprising a light-intensity 
the first light 



source. 



8. 



on a measured intensity of light from the first light 



The machine-vision head a wording to claim 7, wherein the control signal is 
operatively„cou P led to the first light source to control light output based on the measured light 
intensity in a feedback manner /~~\ 

9. Themachine-vision head according to claim 7, wherein the control signal is 
operatives coupled to the imager t| control an amount of light received in an imaging cycle 
of the imager. 

10. The machine-vision head according to claim 1, further comprising a condensing 
imaging element positioned betwein the first light source and the projection-pattern element 
along the projection optical axis. ' 

11. The machine-vision head Recording to claim 1 . further comprising a focussing 
reflector that substantially focusses an image of the first light source adjacent to the first light 
source. 



12. The machine-vision heid according to claim 1 1, wherein the reception optical axis is 
oriented to be at substantially L right angle to a direction of scanning, and the projection 
opucal axis is oriented to be Jt substantially a forty-five-degree angle to the direction of 
scanning. 
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13. The machine-vision h^ad according to claim 12, wherein a major plane of the 
projection-imaging element is oWed substantially per P endicu I ar to the projection optical 
axis and a major plane of the potion-pattern element is oriented substantially 
perpendicular to the projection optfcal axis. 



10 



15 



20 



25 
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14. The machine-vision head according to claim 1, further comprising a second light 
source that directs substantially unpatterned light onto the device, the second light source 
being activated to obtain two-dimensional intensity data about the device from the imager. 

15. A machine-vision system for inspecting a device, comprising: 
(1) an inspection station, the inspection station including: 

(a) a projector, the projbctor comprising: 

a first light source having a projection optical axis that 
intersects the device; S~\ 

a projection im&gjag element positioned along the projection 
optical axis and spaied from the first light source; and 

a projectionjpattern element positioned between the first light 
source and the projection imaging element along the projection optical 
axis, the projection/pattern element having a repeating sine-wave light- 
modulation pattern! as measured along a line on the projection-pattern 
element; and 

(b) an imager, the imager having a reception optical axis that intersects the 
device when the inspection station is in operation, the imager maintained in a 
substantially fixed relationship to the pattern projector, the imager including at 
least three lines of semiconductor imaging pixels; 

(2) a scanner mechanism that nUes the imager relative to the device such that 
different portions of the device are successively imaged by the imager, wherein the first light 
source is activated in conjunction wi/h the imager to obtain three-dimensional device 
geometry data regarding the device/and 

(3) a comparator coupled J the imager, the comparator comparing one or more 
characteristics of the acquired three-dimensional device geometry data with an intended 
predetermined geometry to produce a signal indicative of any device geometry departure of 
an actual device geometry from Jne intended predetermined geometry. 
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The system according to claim 15, wherein the projection^pattem element light- 
modulation pattern includes a rep, !a ting pattern of grid lines having substantially constant 
density along lines in a direction Jarallel to the grid lines and a sine-wave density along lines 
in a direction perpendicular to the grid lines. 



10 



15 



20 



17. The system according to clajm 16, wherein the first light source includes a elongated 
incandescent filament having a dimension along a longitudinal axis substantially longer than 
a width, wherein the longitudinal axil of the filament is substantially perpendicular to the 
projection optical axis and substantia 
element. 



18. The system according to clair l 
elongated aperture having a dimensic n 
dimension along a width axis 
substantially parallel to the grid 1 



perpendicular 



ly parallel to the grid lines of the projection-pattern 




1 5, further comprising a projection mask having an 
along a length axis substantially longer than a 

to the length axis, and wherein the length axis is 
f the/projection-pattem element. 



19. The system according to claim 18, wherein the projection mask limits the projected 
light to less than about three sine-wave cycles of the sine-wave pattern. 

20. The system according to claim 15, further comprising a light-intensity controller, 
coupled to receive intensity information regarding light output from the light source, that 
outputs a control signal based on/a measured intensity of light from the light source, wherein 
the control signal is operativelyLupled to the imager to control an amount of light received 
in an imaging cycle of the imager. 



25 



21. The system according/to claim 1 5, further comprising a focussing reflector that 
substantially focusses an imafge of the light source adjacent to the light source. 

22. The system accordmg to claim 15, further comprising a condensing imaging element 
positioned between the finit light source and the projection-pattern element along the 
projection optical axis. 
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The system according to cWim 15, wherein a major plane of the projection-imaging 
element is oriented substantially perpendicular to the projection optical axis and a major 
plane of the projection-pattern element is oriented substantially perpendicular to the 
projection optical axis. 



24. 



The system according to claim\ 15, further comprising a second light source that 
directs substantially unpatterned light into the device, the second light source being activated 
in conjunction with the imager to obtain two-dimensional intensity data about the device from 



dimensional geometry of a device having a surface to 
a spatial-modulation pattern; the projecting pattern 



the imager. 

25. A method for measuring a three 
be measured, comprising 

projecting patterned light havin 
light comprising: 

projecting subs&htially unpatterned light; 

spatially modulating the unpatterened light with a sine-wave spatial 
modulation pattern to droduce spatial-modulation patterned light; and 

imaging the spkal-modulation patterned light onto the device; 
scanning the device within the spatial-modulation patterned light; and 
receiving reflected light from the device into at least three linear imager regions. 



26. 



The method according to claim 25, wherein the spatially modulating includes 
itine with 



modulating with a repeating pattern of grid lines having substantially constant density along 
lines in a direction parallel to the grid lines and a sine-wave density along lines in a direction 
perpendicular to the grid lines. 



27. 



The method according/to claim 26, wherein the projecting substantially unpatterned 



light source includes a elongated light beam, wherein a longitudinal axis of the beam is 



perpendicular to the direction of projection and parallel to the grid lines. 

28. The method according to claim 26, further comprising projection masking to ; 
elongated aperture having a length axis substantially greater that a width axis, and wherein 
the length axis is substantially parallel to the grid lines of the pattern. 



an 
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29. The method according to clainW wherein the projection masking limits the 
projected light to less than about three sW-wave cycles of the sine-wave pattern. 

30. The method according to claim. 2 \ further comprising a adjusting a position of the 
projection masking. 



31. The method according to claim 25, 



further comprising generating a light-intensity 



control signal based on intensity informatic|n regarding the projected light 

32. The method according to claim 31, Jrurtner comprising controlling a light source to 
control hght output based on the measured/light intensity in a feedback manner. 

33. The method according to claim 3 1/ further comprising controlling an imager to 
control an amount of light received in an Wing cycle of the imager. 

34. The method according to claim^iurtner comprising condensing light onto the 
projection-pattern along the projection/optical axis, 

35. The method according to clai/n 25, further comprising reflectively focussing to 
substantially focus an image of the light source adjacent to the light source. 

36. The method according to claim 25, wherein the reception optical axis is oriented to be 
at substantially a right angle to a/direction of scanning, and the projection optical axis is 
onented to be at substantially a Jbrty-five-degree angle to the direction of scanning. 

37. A machine-vision head for measuring a three-dimensional geometry of a device 
having a surface to be measured, comprising: 

/ 

a projector, the projector comprising: 

a fir|t light source having a projection optical axis that intersects the 

device; 

a condensing imaging element positioned along the projection optical 
axis and spaced from the light source by a distance D 4 ; 
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a projection imaging element positioned along the projection optical 
axis and spaced from the condeLing imaging element by a distance D 3 ; and 
a projection-pattern elemVnt 1 positioned along the projection optical 
axis and between the condensingLaging element and the projection imaging 
element and spaced from the projection imaging element by a distance D 2 , the 
projection-pattern element having k repeating light-modulation pattern that 

source to generate a patterned light useful 
geometry of the device, wherein a 
projection-imaging-element-to-dev ce distance D, and the distance D 2 are 
configured to focus an image of pre jection-pattern element at the surface of 

distance D 4 are configured so as focus an 
Tojection-pattern imaging element; and 



modulates light from the first light 
for determining three-dimensional 



15 



device, and the distance D 3 and the 

image of the light source onto the 
an imager, the imager having a reception dptical axis that intersects the device 
substantially at the projection optical axis, the im/tger receiving the patterned light as 
reflected by the device. ' 



38 



The machine-vision head according to c'laim 37, wherein the projection-pattern 
element light-modulation pattern includes a repeating pattern of grid lines having 
substantially constant density along lines in a/direction parallel to the grid lines and 
wave density along lines in a direction perp/ndicular to the grid lines. 



a sine- 



20 39. The machine-vision head according to claim 37, wherein the first light source includes 
a elongated incandescent filament havW a dimension along a longitudinal axis substantially 
longer than a width, wherein the longift/dinal axis of the filament is substantially 
perpendicular to the projection optical^cis and substantially parallel to a pattern feature of 
the projection-pattern element. 

25 40. The machine-vision head according to claim 39, further comprising a projection mask 
having an elongated aperture having a dimension along a length axis substantially longer than 
a dimension along a width axis perpendicular to the length axis, and wherein the length axis 
is substantially parallel to the pittem feature of the projection-pattern element. 
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41. The machine-vision head Lording to claim 40, wherein the projection-pattern 
element light-modulation pattern inWdes a repeating pattern of grid lines having 
substantially constant density along ones in a direction parallel to the grid lines and a sine- 
wave density along lines in a directioA perpendicular to the grid lines, the pattern feature 
being the grid lines, and wherein the projection mask limits the projected light to less than 
about three sine-wave cycles of the sin^-wave pattern. 

42. The machine-vision head according to claim 40, further comprising a projection-mask 
actuator operable to adjust a position ofjthe projection mask. 

43. The machine-vision head according to claim 37, further comprising a light-intensity 
controller, coupled to receive intensity information regarding light output from the first light 
source, that outputs a control signal baied on a measured intensity of light from the first light 
source. ' 

44. The machine-vision head acc/rding to claim 43, wherein the control signal is 
operatively coupled to the first light/source to control light output based on the measured light 
intensity in a feedback manner. 

45. The machine-vision head/according to claim 43, wherein the control signal is 
operatively coupled to the image'r to control an amount of light received in an imaging cycle 

. of the imager. 

46. The machine-vision tlead according to claim 37, further comprising a condensing 
imaging element positioned' between the first light source and the projection-pattern element 
along the projection optical axis. 



47. The machine-vision head according to claim 37, further comprising a focussing 
reflector that substantially focusses an image of the first light source adjacent to the first light 
source. 



48. The machine-vision head according to claim 47, wherein the reception optical axis is 
oriented to be at substantially a right angle to a direction of scanning, and the projection 
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optical axis is oriented to be at substantially a forty-five-degree angle to the direction of 
scanning. 



48 



The machine- vision head according t\ claim 48, wherein a major plane of the 
projection-imaging element is oriented substantially perpendicular to the projection optical 
axis and a major plane of the projection-pattern\element is oriented substantially 
perpendicular to the projection optical axis. 



50 



The machine,vision head according to claim 37, further comprising a second light 
source that directs substantially unpatterned light Into the device, the second light source 
being activated to obtain two-dimensional intensil data about the device from the imager 



51. 



A machine-vision system for inspecting a ( evice, comprising: 
(1) an inspection station, the inspection staion including: 
(a) a projector, the projector comprising: 

a first light source Ijfaving^a projection optical axis that 
intersects the device; 

a condensing imaging element positioned along the projection 
optical axis and spaced fr6m the light source by a distance D 4 ; 

a projection imaging element positioned along the projection 
optical axis and spaced from the condensing imaging element by a 
distance D 3 ; and 

a projection-pattern element 1 positioned along the projection 
optical axis and between the condensing imaging element and the 
projection imaging element and spaced from the projection imaging 
element by a distance D 2 , the projection-pattern element having a 
repeating light-modulation pattern that modulates light from the first 
light source to generate a patterned light useful for determining three- 
dimensional geometry of the device, wherein a projection-imaging- 
element-to-device distance D, and the distance D 2 are configured to 
focus an image of projection-pattern element at the surface of device, 
and the distance D 3 and the distance D 4 are configured so as focus an 
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image of th^Iight source onto the projection-pattern imaging element; 
and 

(b) an imager, the imager having a reception optical axis that intersects the 
device substantially at the projection optical axis, the imager receiving the 
patterned light as reflected by the device; 

(2) a scanner mechanism that mlves the imager relative to the device such that 
different portions of the device are succe ssively imaged by the imager, wherein the first light 
source is activated in conjunction with tl ,e imager to obtain three-dimensional device 
geometry data regarding the device; and 

(3) a comparator coupled to the it lager, the comparator comparing one or more 
characteristics of the acquired three-dime nsional device geometry data with an intended 
predetermined geometry to produce a sigial indicative of any device geometry departure of 
an actual device geometry from the intended predetermined geometry. 

52. The system according to claim 5 1, wherein the projection-pattern element light- 
modulation pattern includes a repeating pattern of grid lines having substantially constant 
density along lines in a direction parallej tp-the grid lines and a sine-wave density along lines 
in a direction perpendicular to the gric 



53. The system according to claim/52, wherein the first light source includes a elongated 
incandescent filament having a dimer/sion along a longitudinal axis substantially longer than 
a width, wherein the longitudinal ax/s of the filament is substantially perpendicular to the 
projection optical axis and substant/ally parallel to the grid lines of the projection-pattern 
element. 

54. The system according toyclaim 51, further comprising a projection mask having an 
elongated aperture having a din/ension along a length axis substantially longer than a 
dimension along a width axis p'erpendicular to the length axis, and wherein the length axis is 
substantially parallel to the gr/d lines of the projection-pattern element. 



55. The system according 
light to less than about three 



to claim 54, wherein the projection mask limits the projected 
sine-wave cycles of the sine-wave pattern. 
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56. The system according t\ claim 51, further comprising a light-intensity controller 
coupled to receive intensity information regarding light output from the light source, that 
outputs a control signal based on 1 measured intensity of light from the light source, wherein 
the control signal is operatively coLled to the imager to control an amount of light received 
in an imaging cycle of the imager. 1 

57. The system according to claL 51, further comprising a focussing reflector that 
substantially focusses an image of the light source adjacent to the light source. 

58. The system according to claim 51, further comprising a condensing imaging element 
positioned between the first light source and the projection-pattern element along the 
projection optical axis. 



59. The system according to claim 51, wherein a major plane of the projection-imaging 
element is oriented substantially perpendicular to the projection optical axis and a major 



plane of the projection-pattern element is oriented substantially perpendicular to the 
projection optical axis 

60. The system according to claim 5 1 , further comprising a second light source that 
directs substantially unpatterned light onto the device, the second light source being activated 
in conjunction with the imager to/obtain two-dimensional intensity data about the device from 
the imager. 

61 . A method for measuring a three-dimensional geometry of a device having a surface to 
be measured, comprising: 

projecting patterned li^ht having a spatial-modulation pattern; the projecting pattern 
light comprising: 



projec|ing substantially unpatterned light; 

spatiajly modulating the unpatterened light with a sine-wave spatial 
modulation pattern to produce spatial-modulation patterned light; and 
imaging the spatial-modulation patterned light onto the device; 
scanning the device within the spatial-modulation patterned light; and 
receiving reflected light from the device into at least three linear imager regions. 
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62. The method according ib claim 61, wherein the spatially modulating includes 
modulating with a repeating pattern of grid lines having substantially constant density along 
lines in a direction parallel to the^rid lines and a sine-wave density along lines in a direction 
perpendicular to the grid lines. 



63. The method according to clkim 62, wherein the projecting substantially unpattemed 
light source includes a elongated liiht beam, wherein a longitudinal axis of the beam is 
perpendicular to the direction of projection and parallel to the grid lines. 



64. The method according to clajm 
elongated aperture having a length 
the length axis is substantially paral 



62, further comprising projection masking to an 
substantially greater that a width axis, and wherein 
el to the grid lines of the pattern. 



axis 



65. The method according to claim 64, wherein the projection masking limits the 
projected light to less than about thr jegj^-wave cycles of the sine-wave pattern. 

66. The method according to clajm 65, further comprising a adjusting a position of the 
projection masking. 



67. The method according to cliim 66, further comprising generating a light-intensity 
control signal based on intensity iitformation regarding the projected light . 

68. The method according to dlaim 67, further comprising controlling a light source to 
control light output based on the Measured light intensity in a feedback manner 

69. The method according tj claim 68, further comprising controlling an imager to 
control an amount of light rece/ved in an imaging cycle of the imager. 

70. The method according to claim 69, further comprising condensing light onto the 
projection-pattern along the/projection optical axis. 



7 1 . The method according to claim 6 1 , further comprising reflectively focussing to 
substantially focus an im£ge of the light source adjacent to the light source. 
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The method according tcAclaim 61, wherein the reception optical axis is oriented to be 
at substantially a right angle to a Wectionofscanmng, and the projection optical ax^^ 
oriented to be at substantially a folty-five-degree angle to the direction of scanning. 



-vision system 



73. A machine-vision system fdr inspecting a device, said machine-v 
. comprising: 

a light source for propagating light to the device; 

an image detector thadreceives light from the device; 

a .-light sensor assembly receiving a portion of the light from the light source, 
,; said light sensor assembly pro ducing an output responsive to the intensity of the light 
received at the light sensor assembly; and 

^controller for control ing the amount of light received by the image detector, 
said controller controlling the amount of light within a desired range in response to 
the output from the light sense r. 



74. 



The system of claim 73 wherein the light sensor assembly further comprises: 
a beam splitter positioned between the light source and the device; and 
a light sensor positioned to receive light from the beam splitter. 



75. The system of claim 74 whe^in the beam splitter filters infrared light from the light 
source. 



76. The system of claim 73 further comprising a power supply which supplies power to 
the light source, said controller controlling the amount of light received by the image detector 



by controlling the amount of power output from the power supply. 



77. The system of claim 73 wherein said controller controls the amount of light received 
by the image detector by controlling the amount time the image detector receives light to 
acquire an image. 



78. The system of claim 73 wherein the image detector further comprises an array of 
imaging pixels, wherein saidf controller controls the amount of light received by the image 
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detector by controlling the amount time the array of imaging pixels receives light to acquire 
an image. 

79. The system of claim 78 mrtrler comprising a memory device which stores correction 
values for at least one of the pixels A said array of imaging pixels, wherein the value 
associated with said at least one of trje pixels is corrected with a correction value stored in 
said memory. 



80. The system of claim 73 when 
diode. 



in said light sensor assembly further comprises a photc 



81. r A machine-vision sy^emfor inspecting a device, said machine-vision system 
comprising: 

a light source for propagating light to the device; 
an image detector that receives light from the device; and 
a cooling element attached to said imaging device, said cooling element 

removing heat produced by the in/age detector to keep the image detector within a selected 

temperature range. 

82. The system of claim 81,/vherein the cooling element is a thermoelectric 
semiconductor unit. 

83. The system of claim St wherein the image detector is an array of imaging pixels. 

84. The system of claim* 1, wherein the image detector is an array of semiconductor 
imaging pixels, said mermoflectric semiconductor unit further comprising: 

a temperature sensor for sensing the temperature of the array of semiconductor 
imaging pixels; / 

a cool portion attached to the array of semiconductor imaging pixels to form a 
thermally conductive path between the array of semiconductor imaging pixels and the 
thermoelectric semiconductor unit; 

a heat rejection portion; and 
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. a controller for controllingVhe amount of power input to the thermoelectric 
semiconductor to keep the image Aector within a selected temperature range. 

85. A machine-vision syst^n for inspecting a device, said machine-vision system 

comprising: 

a strobed light source for propagating light to the device; 

an image detector that receives light from the device, said image detector remaining in 
a fixed position with respect to the strobfcd light source; and 

translation element that moves th 5 
respect to the device. 



86. The machine- vision system 

ring light source. 



strobed light source and image detector with 



for inspecting a device of claim 85 comprising a 



87. The machine- vision systeni for inspecting a device of claim 85 further 

comprising a strobed light controller whiJh controls the strobed light source to produce light 
having a first level and to produce light h^vinga second level, said first level different from 
the first level. 



88. The machine-vision system for inspecting a device of claim 86 wherein the 

image detector further comprises: 

an array of imaging pixels; and 

an imaging pixel controller whkh controls the amount of light received by the image 
detector by controlling the amount ti^ie the array of imaging pixels receives light to acquire 
an image. 



89. The system of claim 87 rufther comprising a memory device which stores correction 
values for at least one of the pixds in said array of imaging pixels, wherein the value 
associated with said at least on^ of the pixels is corrected with a correction value stored in 
said memory. 



90. The system of clam/ 87 further comprising a memory device which stores a 
first correction value associated with the first level of light from the strobed light source, and 
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a second correction value associated with the second level of light from the strobed 
light source for at least one of the pU in said array of imaging pixels, wherein the values 
assorted with said at least one of ^ pixels is corrected with the first and second correction 
values stored in said memory. 

91 . The machine-vision system for inspecting a device of claim 86 wherein said 

strobed light controller controls the stroked light source to produce light having a first level 
and alternated with light having a second level. 



92. The machine-vision systei l 

strobed ring light source, said strobed lig 
the strobed ring light source. 



for inspecting a device of claim 86 comprising a 
tt controller controlling the strobed light source and 



93. The machine-vision systerk for inspecting a device of claim 92 wherein the 

strobed light controller controls the strobed ring light source to strobe alternatively with the 



strobed light at the first level and at the i 



lecondjevel. 



94. The machine-vision sys/em for inspecting a device of claim 86 wherein the 
image detector is comprised of a first /ine of pixels and a second line of pixels, said machine 
vision system further comprising a strobed ring light source, wherein said strobed light 
controller controls the strobed ring j/ght source to produce light for the first line of pixels and 
the second line of pixels. 

95. A method for acquiring Physical information associated with of a device using a 
machine-vision station having/light source and having an image detector, said method 
comprising the steps of: 

projecting light rrorr/ the light source to the device; 
receiving light reflected from the device into an image detector; and 
controlling the an/ount of light received at the image detector to a value within 
desired range. 



96. The method oft claim 95, wherein the step of controlling the amount of light received 
at the image detectof further comprises the steps of: 
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sensing the projected item the light source; and 

controlling the amount empower input to the light source in response to the value 
produced by said sensing step. 



97. The method of claim 95, whWein the image detector further comprises an array of 
pixels which produce a signal dependent on the length of time the pixel is exposed to the 
reflected light, wherein the step of controlling the amount of light received at the image 
detector further comprises the steps oi 



sensing the projected from the 



controlling the length of time the image detector is exposed to reflected light 



response to the value produced by said 



ight source; and 



m 



sensing step. 



98. The method of claim 95 whereiji the step of controlling the amount of light received at 
the image detector further comprises tte steps of: 
sensing the reflected from the device; and 

controlling the amount of pow^r ippy to the light source in response to the value 
produced by said sensing step. 



99. The method of claim 24 wheiiin the image detector further comprises an array of 
pixels which produce a signal dependent on the length of time the pixel is exposed to the 
reflected light, wherein the step of controlling the amount of light received at the image 
detector further comprises the steps of: 

sensing the reflected from the device; and 

controlling the length oftiAie the image detector is exposed to reflected light in 
response to the value produced bf said sensing step. 

100. A method for acquiring Physical information associated with of a device using a 
machine-vision station having^ light source and having an image detector, said method 
comprising the steps of: 

projecting light from jhc light source to the device; 
receiving light reflected from the device into an image detector; and 
removing heat produced by the image detector to keep the image detector within a 
selected temperature range.j 
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101 



The method of claim 29, wherfein the step of removing heat produced by the image 
detector further comprises attaching a thermoelectric semiconductor unit to the image 



detector. 



1 02. A method for acquiring physical information associated with of a device 



machine-vision station having a light sourc 
comprising the steps of: 

fixing the relationship between the 1 



using a 



projecting Strobed light from the ligr 
receiving light reflected from the de^ 



103. The method of claim 102 wherein th 



and having an image detector, said method 



ght source and the image detector; 



moving the light source and the imaie detector with respect to the device; 



t source to the device; and 
ice into an image detector. 



the wherein the step of projecting strobed light 



from the light source to the device further comprises the steps of: 

producing a first level of strobed liiht from the light source; and 
producing a second level of strobe^ light from the light source. 

104. The method of claim 103 further/comprising the step of producing a strobed light 
from a ring light. 



105. The method of claim 104 whe(ein the wherein the step of projecting strobed light 
from the light source to the device further comprises the steps of: 



producing a first level of strobed light from the light source; 

producing a second level of strobed light from the light source; and 

alternating the strobed light of the first level with the strobed light of the second level. 



106. A manufacturing syltem, comprising: 

a semiconductorpart fabrication unit that fabricates a part for a semiconductor device; 

an inspection station, the inspection station further comprising: 
(a) a light source projecting light onto the device; 



and 
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(b) an image detector ^hich receives light reflected from the device, the 
image detector including a plurality of lines of semiconductor imaging pixels; 
© a light sensor assembly receiving a portion of the light from the light 
source, said light sensor Assembly producing an output responsive to the 
intensity of the light recei /ed at the light sensor assembly; and 
(d) a controller for controlling the amount of light received by the image 
detector, said controller cintrolling the amount of light within a desired range 
in response to the output from the light sensor. 



107. The manufacturing system of cliim 106 wherein the inspection station further 
comprises memory forstoring correctio|i values associated with at least one of the pixels in 
the image detector. 



1 08. The manufacturing system of < 
comprises a light source controller foj 
of a second level. 



|aiin|0G\ wherein the inspection station further 
pj^duciTj§ strobed light of a first level and strobed light 



109. The manufacturing system exclaim 1 08 wherein the inspection station further 
comprises a ring light. 



110. The manufacturing systeiji of claim 1 06 wherein the inspection station further 
comprises: 

a ring light; and 

a ring light controller for strobing the ring light, said ring light controller strobing the 
ring light for each of said plurality of lines of pixels in said image detector. 



-vision 



111. A machine-vision sys^bm for inspecting at least one device, the machines 
system comprising: j 

a first inspection station, the first inspection station comprising: 

a surface for inspecting at least one device, said surface having an 
opening therein; 

^Ictic 



an inspection device positioned on one side of the inspection surface; 



and 
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an elevatorW places at least one device within the opening in the 
surface from anotherW of the inspection surface opposite the one side of the 
inspection surface, saik elevator presenting at least one device to the surface 
for inspecting at least owe device. 



112. 



The system of claim 111, wherein\the elevator further comprises a compartment for 

:ing at least one device within the opening in th 
surface and presenting the device to the sujface for inspecting the device. 



1 1 3. The system of claim 1 1 2, the first inspection station further 
a light source that p 
positioned on the surface ft 



comprising: 
opagates light to the device when the device is 
r inspecting the device; and 



an image detector tjiat receives light from the device. 

114. The system of claim 112 whereinfche elevator and the compartment for holding a at 
least one device is aligned with the opentf 



1 15. The system of claim 1 1 1 whereir/ the elevator is aligned with the 



opening. 



116. The system of claim 1 1 1 further/comprising: 

a first tray for holding at least one device; 
a first tray for holding aft least one device 
a tray-transfer mechan/sm; and 

a second inspection station, said tray-transfer mechanism operating to move at 
least one device from the first inspe/tion station to a second inspection station. 

117. The system of claim 1 16 w/ierein the tray-transfer mechanism further comprises an 
inverting mechanism inverts the f/rst tray and the second tray so as to position the at least one 
device within the second tray so^that another side of the at least one device can be inspected. 

1 18. The system of claim 1 Lo wherein one side of the at least one device is inspected at the 
first inspection position and wterein another side of the at least one device is inspected at the 
second inspection position. 
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119. The system of claim 1V7 further comprising; 

a third inspection station; and 

a fourth inspection station, said tray-transfer device moving the device 
between the .first and third inspection stations, and between the second and fourth inspection 
stations. 

120. The system of claim 1 19 wherein the inverting mechanism is positioned between the 
third inspection station and the second inspection station. 



121. A machine-vision system for inspecting a plurality of devices positioned within a 
plurality of device-carrying trays, the niachine- vision system comprising: 

a first slide clamp adapted to hold a first tray and a second tray, said first slide clamp 
moving the first tray from a first inspect on station to a second inspection station, and moving 
the second tray from the second inspecti in station to a flip station; and 

a second slide clamp adapted to 1 lokTa^iird tray and a fourth tray, said second slide 
clamp.moving the third tray from melhirstati&n to a third inspection station, and moving the 
fourth tray from the third inspection station to a fourth station. 

122. The machine-vision system of claim 121 wherein the first slide clamp has two 
openings therein, each opening sized td receive one of the first device-carrying tray, or the 
second device-carrying tray, said first felide clamp further comprising: 

a registration surface for registering the a surface of one of the first device-carrying 
tray, or the second device-carrying trAy; and 

a clamp for clamping one oflhe first device-carrying tray, or the second device- 
carrying tray in a desired position, said clamp positioned to clamp one of the first device- 
carrying tray, or the second device/carrying tray with respect to the two openings in the first 
slide clamp. / 



1 23. The machine-vision system of claim 1 2 1 further comprising a machine-vision 
inspection head for scanning the devices within one of the first device-carrying tray, or the 
second device-carrying tray aythe first inspection station, said inspection head further 
comprising: 
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a light source trW propagates light to the device when positioned on the 
surface for inspecting the\device; and 

an image detector that receives light from the device. 



124. The machine-vision system oVclaim 121 wherein the first tray and a second tray have 
a substantially rectangular footprint, aW wherein the first slide clamp moves at least one of 
the first tray and the second tray in a dlection substantially parallel to the short sides of the at 
least one of the first tray and the second\tray. 

125. The machine-vision system of claW 124 further comprising a picker for picking 
devices which fail inspection from a tray. 

126. The machine-vision system of clairk 125 further comprising a source of devices that 
have passed inspection, said picker substituting devices that have passed inspection for the 
devices that have failed inspection. 

127. The machine-vision system of clairrj 125 further comprising a source of devices that 
have passed inspection and have not passed! inspection, said picker substituting devices that 
have passed inspection from the source for ihe devices that have failed inspection to produce 
a fourth tray filled with devices all of which have not passed inspection. 

128. The machine-vision system of cla/m 1 27 further comprising: 
a first location for the devices thai have failed inspection; and 
a second location for devices that have not passed inspection. 

129. A machine-vision system for mspecting a tray populated with a plurality of devices, 
the machine- vision system comprisu/g: 

a first inspection station haying a first inspection surface; 

a compartment positioned/djacent the first inspection station, said compartment 
holding a plurality of trays; and 

an elevator for elevating' at least one of said trays from the compartment to the first 
inspection surface. 
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1 30. The machine- visio A system for inspecting a tray populated with a plurality of devices 
of claim 1 9 wherein the firsftinspection surface has an opening therein, said opening 
accommodating one of said plurality of trays: 



131. The machine-vision system for inspecting a tray populated with a plurality of devices 
of claim 129 wherein the first inspection surface has an opening therein, said opening 
accommodating one of the plurality of trays, the trays having a rectangular shape, the 
machine- vision system further comprising finger elements positioned near the opening, said 
finger elements engaging the long dimension side of the tray. 

132. The machine-vision system fAr inspecting a tray populated with a plurality of devices 
of claim 1 29 wherein the first inspectLn surface has an opening therein, said opening 
accommodating one of the plurality ofi trays, the trays having a rectangular shape, the 
machine- vision system further comprising finger elements positioned near the opening, said 
finger elements engaging the short dimension-side of the tray 

133. The machine-vision system for inspecting a tray populated with a plurality of devices 
of claim 128 further comprising 

a second inspection station having a second inspection surface; 
an elevator for moving at least bne of the trays from the between a first position at the 
second inspection surface and a secon^ position away from the second inspection surface. 

134. The machine- vision system fdr inspecting a tray populated with a plurality of devices 
of claim 1 29 wherein the compartment further comprises: 

a door which folds from a closed position to an open position: 
a first guide rail positioned on the inner surface of the door; and 
a second guide rail positioned on the inner surface of the door, said first guide rail and 
said second guide rail spaced to receive at least one tray so that the tray can be placed 
between the first and second guide rails and guided into the compartment. 



135. A machine-vision systfem for inspecting a tray populated with a plurality of devices, 
the machine-vision system comprising: 

an inspection station including an inspection surface; 
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means for determining ikat least one of the plurality of devices in a tray at the 
inspection station does not pass ah inspection test; and 

a failed device station for holding frays which hold devices having devices which 
have passed inspection and devices Wich have not passed inspection at which trays are 
formed m which all of the plurality olfdevices do not pass inspection. 



136. The machine-vision system for 
of claim 135 further comprising a first 
devices between the inspection station 

137. The machine- vision system for 



inspecting a tray populated with a plurality of devices 
)icker for moving at least one of the plurality of 
{ nd the failed device station. 

i: ispecting a tray populated with a plurality of devices 



of claim 136 wherein the first picker for moving at least one of the plurality of devices 
between the inspection station and the fiiled device station 



devices within trays. 



accommodates differently spaced 



138. The machine-vision system for/inspecting a tray populated with a plurality of devices 
of claim 136 further comprising a secdnd picker for moving at least one of the plurality of 
devices between the inspection statio/ and the failed device 



station. 



139. The machine-vision system for inspecting a tray populated with a plurality of devices 
of claim 138 wherein the first pick/r and the second picker for moving at least one of the 
plurality of devices between the inspection station and the failed device station 
accommodates differently spacejl devices within trays. 

140. The machine-vision system for inspecting a tray populated with a plurality of devices 
of claim 135 further comprising a compartment near the failed device station for housing 
trays in which all of the plu/ality of devices do not pass inspection. 

141. A machine-WWsystem for inspecting a rectangular tray populated with a plurality 
of devices, the machine/vision system comprising: 

an inspection station including an inspection surface; and 

means for homing the rectangular tray which engage the sides of the tray with the 
shorter dimension. 
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142. The machine-vision^ystem for inspecting a tray populated with a plurality of devices 
of claim 141 wherein means for holding the rectangular tray which engage the sides of the 
tray with the shorter dimension includes a set of pins which engage detents in the shorter side 
of the tray. 

143. The machine-vision system fW inspecting a tray populated, with a plurality of devices 
of claim 142 wherein the pins force the tray to a datum registration surface. 



10 



15 



144. The machine-vision system for inspecting a tray populated with a plurality of devices 
of claim 1 4 1 further including means fdr moving the rectangular tray in a direction 
substantially parallel to the shorter dimension of the rectangular tray. 

145. The machine-vision system for ir ispecting a tray populated with a plurality of devices 
of claim 144 further including means for inspecting the rectangular tray in a direction 
substantially parallel to the longer dimei sian^f the rectangular tray. 



146. A machine-vision system for inspecting a rectangular tray populated with a plurality 
of devices, the machine- vision system cbmprising: 

an inspection station including an inspection surface; 

a 3D inspection device; and 

a 2D inspection device. 



20 



147. The machine-vision system fi>r inspecting a tray populated with a plurality of devices 
of claim 146 wherein the 3D device/and 2D device inspect the inspection surface 
synchronously. 



148. The machine-vision system for inspecting a tray populated with a plurality of devices 
of claim 147 wherein the inspection surface holds a first tray and a second tray. 

149. The machine-vision system for inspecting a tray populated with a plurality of devices 
25 of claim 146 wherein the 3D device and 2D device inspect the inspection surface 

asynchronously. 
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150, The machine-vision sy\tem for inspecting a tray populated with a plurality of devices 
of claim 149 wherein the inspection surface holds a first tray and a second tray. 

151 . A method for acquiring phVsical information associated with a plurality of devices 
placed in a tray, the method comprising the steps of: 

loading at least one tray intcl a compartment adjacent a first inspection station; and 
elevating the tray to the first {inspection surface. 



152. 



153. 



The method of claim 1 5 1 further comprising the steps of: 
inspecting a first side of at le« st one of a plurality of devices within a first tray; 
moving the first tray to a flip i itation; and 

inspecting a second side of at least one of a plurality of devices within the second tray. 
The method of claim 152, furjher including the step of removing at least one of a 



plurality of devices from the second 
inspection. 



»yif the at least one of a plurality of devices fails 



154. The method of claim 152 lurther comprising the step of replacing at least one of a 
plurality of devices in the second tr^y that failed inspection with a device that passed 
inspection. 

155. A machine-vision system f^r inspecting a device, the machine-vision system 
comprising: 

an initial inspection statiofi, the initial inspection station comprising: 

a surface for inspecting the device, said surface having an opening 
therein; and 

an elevator that places the device within the opening in the surface and 
presents the device to the surface for inspecting the device. 

1 56. The system of claim V55 wherein the elevator further comprises a compartment for 
holding a plurality of device! said elevator placing at least one of the plurality of devices 
within the opening in the surface and presenting the device to the surface for inspecting the 
device. 
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1 57. The system of claim 1 56, the initial inspection station further comprising: 

a light sourcfe that propagates light to the device when the device is 
positioned on the surface for inspecting the device; and 

an image detedtor that receives light from the device. 

1 58. The system of claim 1 56 wherein the elevator and the compartment for holding a 
plurality of devices are aligned with thfe opening. 



1 59. The system of claim 1 55 whereih the elevator is aligned with the opening. 

160. The system of claim 155 further bomprising a tray-transfer device that operates to 
move the device from the initial inspection station to a second inspection station. 



161. The system of claim 1 60 further 
invert the device so that the another sid< 



comprising an inverting mechanism that operates to 
ofthe^device can be inspected. 



162. The system of claim 1 61 wherein one side of the device is inspected in the first 
inspection position and wherein another side of the device is inspected in the second 
inspection position. 

161. The system of claim 1 60 furffier comprising a third inspection station and a fourth 
inspection station, said tray-transfer flevice moving the device between the first and third 
inspection stations, and between thef second and fourth inspection stations. 

162. The system of claim 9 wherein the inverting mechanism is positioned between the 
third inspection position and the second inspection position. 



1 63 . A machine-vision systefn for inspecting a plurality of devices positioned within a 
plurality of device-carrying triys, the machine-vision system comprising: 

a first slide clamp fo/holding at least two trays, said slide clamp moving a first tray 
from a first inspection station to a second inspection station, and moving a second tray from 
the second inspection station to a flip station; and 
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a second slide clamp for holding at least two trays, said slide clamp moving a third 
tray from the flip station toVhird inspection station, and moving a fourth tray from the third 
inspection station to a fourth s\ation. 



164. The machine-vision systA of claim 163 wherein the first slide clamp has two 
openings therein, each opening size* to receive a device-carrying tray, said first slide clamp 
further comprising: 

a registration surface for registering the a surface of the device-carrying tray; and 
a clamp for clamping the tray I a desired position, said clamp positioned to clamp the 
tray with respect to the opening in the ilide clamp. 

165. Themachine-vision system of c aim 163 further comprising a machine-vision 
inspection head for scanning the device t wjthin the trays at the first inspection station, said 
inspection head further comprising: ^ 

a light source that propaiates light to the device when positioned on the 
surface for inspecting the device; and 

an image detector mat receives light from the device. 

166. The machine-vision system of kirn 163 wherein the flip station further comprises a 
mechanism for flipping the devices cafried in a tray, the mechanism further comprising: 

a first jaw having a surface fo/ receiving a tray; 

a second jaw having a surfaci for receiving a tray; 

a mover for moving the first/jaw, a first tray having a plurality of devices, a second 
tray, and the second jaw into engagement with each other, said first tray associated with the 
first jaw and the second tray associated with the second jaw; and 
a rotator for rotating the first and second jaw. 



167. The machine-vision system of claim 166 wherein the mover moves the first jaw in 
direction substantially perpendicular to the surface for receiving a tray associated with the 
first jaw. 
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168. The machine-visioriWem of claim 166 wherein the mover moves the first jaw and 
the second jaw in a direction^ubstantially perpendicular to the surface for i 
associated with the first jaw. 



receiving a tray 



10 
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169. The machine-vision systfem of claim 166 further comprising; 
a picker for picking devices which fail inspection from a tray. 

170. The machine-vision systerAof claim 168 further comprising a source of devices that 
have passed inspection, said picked substituting devices that have passed inspection for the 
devices that have failed inspection. 

171. A machine-vision system foi inspecting a plurality of devices and for transferring the 
plurality of devices from being positioned in a first tray to being positioned in a second tray, 
the machine-vision system comprising: 

a first jaw having a surface f< >r receiving the first tray; 

a second jaw having a surfac jjfbi)receiving the second tray; 

a mover for moving the first jaw, the first tray having a plurality of devices, the 
second tray, and the second jaw intd engagement with each other, said first tray associated 
with the first jaw and the second traV associated with the second jaw; and 

a rotator for rotating the first and second jaw. 

172. The machine-vision systeiri of claim 171 further comprising; 

a first conveyer for moving the first tray having a plurality of devices therein to the 
surface of the first jaw; and 

a second conveyer for moving the second tray having a plurality of devices therein 
from surface of the second jaw. 



173. The machine-vision sysltem of claim 1 72 wherein one of the first or second jaws is 
capable of holding, in any position, a tray devoid of devices. 



25 



1 74. A machine-vision syAem for inspecting a tray populated with a plurality of devices, 
the machine-vision system comprising: 

a first inspection station having a first inspection surface; 
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a compartment portioned adjacent the first inspection station, said compartment 
holding a plurality of trays; kid 

an elevator for elevating at least one of said trays from the ■ 
inspection surface. 



compartment to the first 



175. The machine-vision systerA for inspecting a tray populated with a plurality of devices 
of claim 174 wherein the first mspettion surface has an opening therein, said opening 
accommodating one of said pluralit^ of trays. 

176. The machine-vision system fil inspecting a tray populated with a plurality of devices 
of claim 174 wherein the first inspectk surface has an opening therein, said opening 
accommodating one of the plurality oJ trays, the trays having a rectangular shape, the 
machine-vision system further comprising finger elements positioned near the opening, said 
finger elements engaging the long dim gonpside of the tray. 

177. The machine-vision system foJinspecting a tray populated with a plurality of devices 
of claim 174 wherein the first inspectiin surface has an opening therein, said opening 
accommodating one of the plurality o/trays, the trays having a rectangular shape, the 
machine-vision system further composing finger elements positioned near the opening, said 
finger elements engaging the short dimension side of the tray. 

178. The machine-vision system ^or inspecting a tray populated with a plurality of devices 
of claim 174 further comprising 

a second inspection statWhaving a second inspection surface; 
an elevator for moving at/east one of the trays from the between a first position at the 
second inspection surface and aiecond position away from the second inspection surface. 

1 79. The machine-vision system for inspecting a tray populated with a plurality of devices 
of claim 22 wherein the compartment further comprises: 

a door which folds from a closed position to an open position: 
a first guide rail positioned on the inner surface of the door, 
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a second guide rail positioned on the inner surface of the door, said first guide rail and 
said second guide rail spaced toVeceive at least one tray so that the tray can be placed 
between the first and second guidfe rails and guided into the compartment. 

1 80. A method for acquiring physical information associated with a plurality of devices 
placed in a tray, the method comprising the steps of: 

loading at least one tray into alcompartment adjacent a first inspection station; and 

elevating the tray to the first inspection surface. 



181. 



The method of claim 180 ftirtherlcomprising the steps of: 
inspecting a first side of a device Within a first tray; 
moving the tray to a flip station; 
flipping the devices and placing thk flipped devices within a second tray; and 
inspecting a second side of the device within the second tray. 



182. The method of claim 181, further including the step of removing a device from the 
second tray if it fails inspection. 

183. The method of claim 181, further domprising the step of replacing a device in the 
second tray that failed inspection with a device that passed inspection. 

1 84. A machine-vision system for in/pecting a plurality of devices and for inverting the 
plurality of devices from being positi^hed in a first tray, the machine-vision system 
comprising: 

a first jaw having a surface for receiving the first tray; 
a second jaw having a surface; 

a mover for moving the first jaw, the first tray having a plurality of devices, and the 
second jaw into engagement with each other, said first tray associated with the first jaw; and 
a rotator for rotating ttfe first and second jaw. 



1 85. The machine-visioiysystem of claim 1 84 further comprising; 

a first conveyer fo^moving the first tray having a plurality of devices therein to the 
first jaw; and 
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a second conveyer for m^ing the first tray having a plurality of devices therein from 
the first jaw. 



186. The machine-vision system of kirn 184 wherein the first jaw is capable of holding, 
in any position, a tray devoid of devices. 



10 
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187. The machine- vision system of clain\ 1 84 further 



a slider for transferring the inverted 



comprising; 



vision 



188. A machine-vision system for inspecti ig at least one device, the machine-visi 
system comprising: 

a first inspection station, the first insp jction station comprising: 

a surface for inspectinf at least one device, said surface having 



evices from the second jaw into the first tray: 



an 



opening therein; 

an inspection device pisitioned on one side of the inspection surface; 



and 



an elevator that places' at least one device within the opening in the 
surface from another side of le inspection surface opposite the one side of the 
inspection surface, said elevitor presenting at least one device to the surface 
for inspecting at least one device. 



20 
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189. The system of claim 188 whereu/the elevator further comprises a compartment for 
holding at least one device, said eleva*/r placing at least one device within the opening in the 
surface and presenting the device to tffe surface for inspecting the device. 

190. The system of claim 1 89, \L first inspection station further comprising: 

a light sou/ce that propagates light to the device when the device is 
positioned on th/ surface for inspecting the device; and 

an mWe detector that receives light from the device. 



191. The system of claim 189 wherein the elevator and the compartment for holding 
least one device is aligned with the opening. 



a at 
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192. The system of dlaim 188 wherein the elevator is aligned with the 



opening. 



193. The system of claiA 1 88 further comprising: 

a first tray fortfiolding at least one device; 
a first tray for Itolding at least one device 
a tray-transfer mechanism; and 

a second inspection station, said tray-transfer mechanism operating to move at 
least one device from the first inspection station to a second inspection station. 



194. The system of claim 193 wherein the tray-transfer mechanism further comprises an 
inverting mechanism inverts the fir >t tray and the second tray so as to position the at least one 
device within the second tray so that another side of the at least one device can be inspected. 

195. The system of claim 193 wherein one side of the at least one device is inspected at the 



first inspection position and wherei 
second inspection position. 



ier side of the at least one device is inspected at the 



196. The system of claim 194 nmner comprising; 

a third inspection station; and 

a fourth inspection Station, said tray-transfer device moving the device 
between the first and third inspection stations, and between the second and fourth inspection 
stations. 

197. The system of claim 195 Avherein the inverting mechanism is positioned between the 
third inspection station and the sjbcond inspection station. 



198. A machine-vision systefb for inspecting a plurality of devices positioned within a 
plurality of device-carrying triys, the machine-vision system comprising: 

a first slide clamp adapted to hold a first tray and a second tray, said first slide clamp 
moving the first tray from affirst inspection station to a second inspection station, and moving 
the second tray from the second inspection station to a flip station; and 
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a second slide clamp Wed to hold a third tray and a fourth tray, said second slide 
clamp moving the third tray froVi the flip station to a third inspection station, and moving the 
fourth tray from the third inspection station to a fourth station. 

199. The machine-vision systemVf claim 198 wherein the first slide clamp has two 
openmgs therein, each opening sizeA to receive one of the fi rst device-carrying tray or the 
second device-carrying tray, said firsi slide clamp further comprising: 

a registration surface for regisLing the a surface of one of the first device-carrying 
tray, or the second device-canying trajh and 

a clamp for clamping one of J first device-carrying tray, or the second device- 
carrymg tray in a desired position, said tlamp positioned to clamp one of the first device- 
carrying tray, or the second device-carnline trav with reo^t t n 

t ° v Wlttl respect to the two openings in the first 
slide clamp. 1 

200. The machine-vision system of cliim 198 further comprising a machine-vision 
inspection head for scanning the deviceJwithin one of the first device-carrying tray or the 
second device-carrying tray at the first ils^tion station, said inspection head further 

comprising: ^ 



a light source that propaiates light to the device when positioned on the 
surface for inspecting the devici; and 

an image detector that receives light from the device. 



201 



The machine-vision system exclaim 198 wherein the first tray and a second tray have 
a substantially rectangular footprint,Ld wherein the first slide clamp moves at least one of 
the first tray and the second tray in I direction substantially parallel to the short sides of the at 
least one of the first tray and the second tray. 



202. The machine-vision system of claim 201 further comprising a picker for picking 
devices which fail inspection fi-om a tray. 
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203. The machine-vision system W claim 202 further comprising a source of devices that 
have passed inspection, said picker s^stituting devices that have passed inspection for the 
devices that have failed inspection. 

204. The machine-vision system of claL 202 further comprising a source of devices that 



have passed inspection and have not passe 
have passed inspection from the source for 
a fourth tray filled with devices all of whicl 



inspection, said picker substituting devices that 
the devices that have failed inspection to produce 
have not passed inspection. 



205. The machine- vision system of claim 
a first location for the devices that h 



204 further comprising: 
ive failed inspection; and 



a second location for devices that ha re not passed inspection. 

206. A machine-vision system for inspec^ng a tray populated with a plurality of devices, 
the machine-vision system comprising: 

a first inspection station having a fiik inspection surface; 

a compartment positioned adjacent jfche first inspection station, said compartment 
holding a plurality of trays; and 

an elevator for elevating at least ojie of said trays from the compartment to the first 
inspection surface. 



207. The machine-vision system for /nspecting a tray populated with a plurality of devices 
of claim 206 wherein the first inspecti/n surface has an opening therein, said opening 
accommodating one of said plurality Li trays. 



208. The machine-vision systenVfor inspecting a tray populated with a plurality of devices 
of.claim 206 wherein the first inspection surface has an opening therein, said opening 
accommodating one of the plurality of trays, the trays having a rectangular shape, the 
machine-vision system further comprising finger elements positioned near the opening, said 
finger elements engaging the Idng dimension side of the tray. 

209. The machine-vision Jystem for inspecting a tray populated with a plurality of devices 
of claim 206 wherein the fiyfet inspection surface has an opening therein, said opening 
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accommodating one of the plurality of trays, the trays having a rectangular shape the 
machine-vision system further comprising finger elements positioned near the opening, said 
finger elements engaging the short dimension side of the tray. 



210. The machine-vision system Yor inspecting a tray populated with a plurality of devices 
of claim 208further comprising 

a second inspection station haling a second inspection surface; 
an elevator for moving at leas one of the trays from the between a first position at the 
second inspection surface and a seco Ad position away from the second inspection surface. 

211. The machine-vision system fir inspecting a tray populated with a plurality of devices 
of claim 1 9 wherein the compartment further comprises: 

a door which folds from a c/osed position to an open position: 
a first guide rail positioned/on the inner surface of the door; and 
a second guide rail positioned on the inner surface of the door, said first guide rail and 
said second guide rail spaced to /eceive at least one tray so that the tray can be placed 

-'Is and guided into the compartment. 



between the first and second guib^ 



212. A machine-vision system for inspecting a tray populated with a plurality of devices, 
the machine-vision system comprising: 

an inspection statioiVincluding an inspection surface; 

means for determimng if at least one of the plurality of devices in a tray at the 
inspection station does not pass an inspection test; and 

a failed device station for holding trays which hold devices having devices which 
have passed inspection/and devices which have not passed inspection at which trays are 
formed in which all o/the plurality of devices do not pass inspection. 

213. The macmW-vision system for inspecting a tray populated with a plurality of devices 
of claim 212 furthe/ comprising a first picker for moving at least one of the plurality of 
devices between thfe inspection station and the failed device station. 

214. The machine-vision system for inspecting a tray populated with a plurality of devices 
of claim 213 wherein the first picker for moving at least one of the plurality of devices 
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between the inspection station an^the failed device station accommodates differently spaced 
devices within trays. 



215. The machine-vision system fo, 
of claim 212 further comprising a second 
devices between the inspection station 



inspecting a tray populated with a plurality of devices 

picker for moving at least one of the plurality of 
and the failed device station. 



216. The machine-vision system for Inspecting a tray populated with a plurality of devices 
of claim 215 wherein the first picker and the second picker for moving at least one of the 
plurality of devices between the inspeci ion station and the failed device station 
accommodates differently spaced devicjes within trays. 



217. The machine-vision system for/inspecting a tray populated with a plurality of devices 
of claim 215 further comprising a compartment near the failed device station for housing 
trays in which all of the plurality of devicjjs^do not pass inspection. 

218. A machine-vision system for inspecting a rectangular tray populated with a plurality 
of devices, the machine- vision system comprising: 

an inspection station including an inspection surface; and 

means for holding the rectangular tray which engage the sides of the tray with the 
shorter dimension. 

219. The machine-vision system for inspecting a tray populated with a plurality of devices 
of claim 218 wherein means for holding the rectangular tray which engage the sides of the 
tray with the shorter dimension includes a set of pins which engage detents in the shorter side 
of the tray. 



220. The machine-vision system for inspecting a tray populated with a plurality of devices 
of claim 219 wherein the/pins force the tray to a datum registration surface. 

22 1 . The machine- v/sion system for inspecting a tray populated with a plurality of devices 
of claim 21 8 further including means for moving the rectangular tray in a direction 
substantially parallel/to the shorter dimension of the rectangular tray. 
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222. The machine-vision system for Wcting a tray populated with a plurality of devices 
of claim 34 further including means for inspecting the rectangular tray in a direction 
substantially parallel to the longer dimensfyi of the rectangular tray. 

223. A machine-vision system for inspecting a rectangular tray populated with a plurality 
of devices, the machine- vision system comprising: 

an inspection station including an inspection surface; 
a 3D inspection device; and 
a 2D inspection device. 



224. The machine- vision system for i 
of claim 223 wherein the 3D device and 2D 
synchronously. 



inspecti ig 



de dee 



a tray populated with a plurality of devices 
inspect the inspection surface 



225. The machine-vision system for inspecting a tray populated with a plurality of devices 
of claim 224 wherein the inspection surface iVolds^ first tray and a second tray. 

226. The machine-vision system for inspecting a tray populated with a plurality of devices 
of claim 225 wherein the 3D device and 2lf device inspect the inspection surface 
asynchronously. 

227. The machine-vision system for inspecting a tray populated with a plurality of devices 
of claim 226 wherein the inspection surface holds a first tray and a second tray. 

228. A method for acquiring physical information associated with a plurality of devices 
placed in a tray, the method comprising the steps of: 

loading at least one tray intl a compartment adjacent a first inspection station; and 
elevating the tray to the fi?st inspection surface. 

229. The method of claim 228 further comprising the steps of: 
inspecting a first side of at least one of a plurality of devices within a first tray; 
moving the first tray to a flip station; and 

inspecting a second sj&e of at least one of a plurality of devices within the second tray. 
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230. The method of claim 229Wther including the step of removing at least one of i 
plurality of devices from the seco^tray if the at least one of a plurality of devices fails 
inspection. 



231. The method of claim 229, furthe\comprising the step of replacing at least one of << 
plurality of devices in the second tray tha^failed inspection with a device that passed 
inspection. 

232. A machine-vision system for inspecting a device, said machine-vision system 
comprising: 

a light source that propagates light to trip device; 
means for generating a moire pattern; 
an image detector that receives light frort the device; 

a light-sensor assembly that receives a portion of the light from the light source and 
that produces an output responsive to the intensi y of the light received at the light- 
assembly; and 



a computer and comparison system for i 
light-sensor. 



-sensor 



anipulating a plurality of outputs from the 



233. The system of claim 232 wherein the cdmputer and comparison system for 
manipulating a plurality of outputs from the liiht-sensor is of sufficient granularity to allow 
the data obtained to be manipulated to detect Various features. 

234. The system of claim 233 wherein ttyfc data can be used to determine coplanarity of 
features on a device. 

235. The system of claim 233 whereipthe data can be used to determine warpage of a 
subtrate on a device. 



236. The system of claim 233 wtfcrein the data can be used to locate random features 
device. 



on a 



237. The system of claim 23^3 wherein the data can be used to locate features on a device 
that is randomly situated. 
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238. The system of claim 233 runner comprising: 
means for moving the lightWirce with respect to the device; 

means for detecting the velocity of a the light source with respect to the device. 

239. The system of claim 238 rurtL comprising a linear postion encoder for specifying 
the times at which line scans are take! 



240 



The system of claim 239 wherjin the computer and comparison system measures the 
distance over which a portion of the device moves over one or more line scans and 
determines the velocity of the device. 



241. The^ystem of claim 233 wheriin means for generating the moire pattern include , 
projection pattern element having a sine-wave element at the light source. 



leans for generating the moire partem include: 



242. The system of claim 233 whfl 
a first striped partem; 

a second striped pattern, said first striped pattern parallel to and offset from the plane 
of the second striped pattern, said fLt striped pattern and the second striped pattern 
positioned between the light source/ and the device. 



243. A method for acquiring phLcal information associated with of a device using a 
machine-vision station having a lijght source and having an image detector, said method 
comprising: 

projecting light from the ijlght source to the device; 
producing a moire patteni at the device; 

gathering data with sufficient granularity such that a device can be randomly placed 
on an inspection surface for gathering data; and 

manipulating the gathe/ed data with a computer and comparator to identify various 
features of the device. 



244 



A method for acquiring physical information associated with of a device using a 
machine-vision station hav^g a light source and having an image detector, said method 
comprising: 
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projecting light from tf^e light source to the device; 
producing a moire pattefn at the device; 

gathering data with sufficient granularity such that data can be gathered on randomly 
placed features on the device positioned on an inspection surface; and 

manipulating the gathered da^ with a computer and comparator to identify various 
features of the device. 



245. The method of claim 244 where 
coplanarity of a plurality of points on 



ths 



246. The method of claim 244 whereiji 
position of a fiducial mark on a device a ; 
calculating the velocity of the device with 
position and time. 



n manipulating the data can be used to determine 
device. 



manipulating the data can be used to determine 
two separate times, said method further comprising 
respect to the light source using the measured 



247. The method of claim 244 wherein manipulating the data can be used to determine 
position of a feature on a device at a fiijLt scan time and at a second scan time, said method 
further comprising: 

encoding the position of the feature at the first scan time; 

encoding the position of the feature at the second scan time; and 
calculating the velocity of th^device with respect to the light source using the 
measured position and time. 



248. A machine-vision head for inspecting a device, comprising: 

(a) a pattern projector to provide projected illumination, the pattern projector 
including: / 

a light source, the light source providing light propagating generally along a 
projection optical axis, the projection optical axis intersecting the device when the 
machine-vision head is/in operation; 

a projection pattern element that spatially modulates the light and located so 
that the projection optical axis intersects the projection pattern element; and 

a pattern projector imaging element located so that the projection optical axis 
intersects the pattern projector imaging element; and 



100 



WO 00/03198 



PCT/US99/15411 



(b) an imager, the Lager, having a reception optical axis,.the reception optical 
axis intersecting the deviceWen the machine-vision head is in operation, the imager 
maintained in a substantiallyWd relationship to the pattern projector, the imager 
including at least three lines ofisemicbnductor imaging pixels; 
wherein a major plane of the projectioi pattern element, a major plane of the pattern projector 
imaging element, and a third plane are Alted one to another to substantially satisfy 
Schiempflug's condition that these threeWanes intersect at substantially one line. 



249. The machine- vision head of claim 
optical axis or lies substantially parallel 



tc 



248, wherein me third plane contains the reception 
the reception optical axis. 



250. The machine-vision head of claim p48, wherein the projection pattern element is 
maintained in a substantially fixed relationship to both the pattern projector and the imager 
when the machine- vision head is in operaf 



251 . The machine-vision head of claim! 2481, wherein the pattern projection element 
includes a pattern whose intensity along i line segment varies as a sine wave. 

252. A machine-vision system for inspecting a device, comprising: 
(1) an inspection station, the insriection station including: 

(a) a pattern projector, thfe pattern projector including: 

a light soiirce, the light source providing light propagating 
generally along L projection optical axis, the projection optical axis 
intersecting the/device when the inspection station is in operation; 

fction pattern element that spatially modulates the light 
and located so'that the projection optical axis intersects the projection 
pattern element; and 

a pattern projector imaging element located so that the 
projection^ptical axis intersects the pattern projector imaging element; 
and 

(b) an imiger, the imager having a reception optical axis, the reception 
optical axis intersecting the device when the inspection station is in operation, 
the imager maintained in a substantially fixed relationship to the pattern 
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: projector, the image\mcluding at least three lines of semiconductor imaging 
pixels; 

wherein a major plane of the projection pattern element, a major plane of the pattern 
projector imaging element, and a\third plane are tilted one to another to substantially 
satisfy Schiempflug's condition thW these three planes intersect at substantially one 
^ line, and wherein the imager provides acquired three-dimensional device geometry 
data regarding the device; 

(2) a comparator coupled to the imajger, the comparator comparing one or more 
characteristics of the acquired three-dimensional device geometry data with an intended 



predetermined geometry to produce a signa 



an actual device geometry from the intende 1 predetermined geometry. 

253. The system of claim 252, wherein the third plane contains the reception optical 
lies substantially parallel to the reception optical axis. 



indicative of any device geometry departure of 



axis or 



254. The system of claim 252, where 
substantially fixed relationship to both 1 
inspection station is in operation. 



Srojection pattern element is maintained in a 
! pattern projector and the imager when the 



255. The system of claim 252, whetein the pattern projection element includes a pattern 
whose intensity along a line segment/ varies as a sine wave. 

256. A method for high-speed scanning phase measurement of a device at a machine- vision 
station to acquire physical inforn^tion associated with the device, the method comprising the 
steps of: 

projecting light general^ along a projection optical axis, the projection optical axis 
intersecting the device; 

spatially modulating tfie light with a projection pattern located so that the projection 
optical axis intersects the projection pattern; and 

imaging the spatially modulated light onto the device; and 

receiving light reflected from the device along a reception optical axis with an imager 
maintained in a substantially fixed relationship to the projected spatially modulated light, the 
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imager including at least three iWs of semiconductor imaging pixels, the reception optical 
axis intersecting the device; 

generating data representing acquired three-dimensional device geometry data 
regarding the device from signals ftom the imager; 

wherein the step of spatially Wulating and the step of imaging the spatially 
modulated light provide a light pattek that is focused along a region of a third plane, wherein 
one of the at least three lines of semiconductor imaging pixels lies substantially within the 
third plane, and wherein a plane associated with the step of spatially modulating and a plane 
associated with the step of imaging thl spatially modulated light, and a third plane are tilted 
one to another to substantially satisfy ichiempflug's condition that these three planes intersect 
at substantially one line, and wherein tL reception optical axis lies within the third plane or is 
substantially parallel to the third plane. 

257. The method of claim 256, whenin the step of spatially modulating includes 
modulating with a pattern whose intens ty^along a line segment varies as a sine wave. 

258. The method of claim 256, furthf r comprising the steps of: 

comparing the acquired three-dijnensional device geometry data with an intended 
predetermined geometry to produce a s gnal indicative of any device geometry departure of 
an actual device geometry from the intended predetermined geometry; and 

controlling a manufacturing operation of the device to compensate for said device- 
geometry departure. 



259. A rnacbine-vision head for inspecting a device, comprising: 
(a) a partem projector, the pattern projector including: 

a light source, the ligMt source providing light propagating generally along a 
projection optical axis, the p/ojection optical axis intersecting the device when the 
machine-vision head is in operation; 

a projection pattern/element that spatially modulates the light and located so 
that the projection optical Axis intersects the projection pattern element; and 

a pattern projector/imaging element located so that the projection optical 
intersects the pattern projector imaging element; and 



axis 
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(b) an imager, the imager haW a reception optical axis, the reception optical axis 
intersecting the device when the macW-vision head is in operation, the imager including: 
at least three lines of semiconductor imaging pixels; and 
a telecentric imaging eleVnent that focusses an image of the device onto the at 
least three lines of semiconductor imaging pixels. 

260. A method for high speed, scanning phase measurement of a device at a machine- 
vision station to acquire physical information associated with the device, the method 
comprising the steps of: 

projecting light generally along a projection optical axis, the projection optical axis 
intersecting the device when the machine-' 'ision head is in operation; 

spatially modulating the light withja projection pattern located so that the projection 
optical axis intersects the projection patter 

imaging the spatially modulated light onto the device; 
receiving light reflected from the levice into an imager, the imager having a reception 
optical axis, the reception optical axis in^^ting the device, the imager maintained in a 
substantially fixed relationship to the Wfcrn projector, the imager including three lines of 
semiconductor imaging pixels, wherein/ the step of receiving includes telecentrically 
focussing an image of the device ontoythe at least three lines of semiconductor imaging 
pixels; and 

generating data representing^acquired three-dimensional device geometry data 
regarding the device. 



26 1 . The method of claim 260^ further comprising the steps of: 

comparing the acquired/three-dimensional device geometry data with an intended 
predetermined geometry to produce a signal indicative of any device geometry departure of 
an actual device geometry from the intended predetermined geometry; and 

controlling a manufacturing operation of the device to compensate for said device 
geometry departure, and 

wherein the step/of spatially modulating includes modulating with a projection pattern 
whose intensity along a line segment varies as a sine wave. 



262. The method 6f claim 260, further comprising the step of: 



104 



WO 00/03198 



PCT/US99/15411 



blocking an infra-red component of the light. 



263. A machine- vision head far inspecting a device, comprising: 

(a) a pattern projector, the Wttern projector including: 

a light source, the light source providing light propagating generally along a 
projection optical axis, the projection optical axis intersecting the device when the 
machine-vision head is in operation; 

a projection pattern eletoent that spatially modulates the light and located so 
that the projection optical axis i ntersects the projection pattern element; and 

a telecentric pattern proj ector imaging element that focusses an image of 
projection pattern element onto the device when the machine- vision head is in 
operation, and located so that ti e projection optical axis intersects the pattern 
projector imaging element; and 

(b) an imager, the imager having a reception optical axis, the reception optical axis 
intersecting the device when the mach^ne^yisioh head is in operation. 



264. The machine- vision head of caaim 263, wherein the imager further includes at least 
three lines of semiconductor imaging pixels, and wherein a major plane of the projection 
pattern element, a major plane of the pattern projector imaging element, and a third plane are 
tilted one to another to substantial!^ satisfy Schiempflug's condition that these three planes 
intersect at substantially one line. 



265. A machine-vision system for inspecting a device, the device having a first side and a 
second side, the machine-vision system comprising: 

a first inspection station for inspecting a first side of a device; 
a second inspection station for inspecting a second side of a device; and 
a tray-transfer device that operates to move the device from the first inspection station 
to the second inspection station, said tray-transfer device further including an inverting 
mechanism that operatesAo invert the device so that the first second side of the device can be 
inspected at the first inspection station and the second side of the device can be inspected at 
the second inspection station. 
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266. The system of claun 265 wherein the inverting mechanism is positioned between the 
first inspection position and Nhe second inspection position. 

267. The machine- vision system of claim 265 wherein the inverting mechanism further 
comprises a mechanism for flipping the devices carried in a tray, the mechanism further 
comprising: 

a first jaw having a surface fofc receiving a first tray; 

a second jaw having a surface ibr receiving a second tray; 

a mover for moving the first jam the first tray having a plurality of devices, the 
second tray, and the second jaw into engagement with each other, said first tray associated 
with the first jaw and the second tray associated with the second jaw; and 

a rotator for rotating the first and second jaw. 

\ 



268. The machine-vision system of clai^n 267 wherein the mover moves the first jaw in a 
on 

first jaw. 



direction substantially perpendicular to th rsijFfeee for receiving a tray associated with the 



269. The machine- vision system of claim 267 wherein the mover moves the first jaw and 
the second jaw in a direction substantial/y perpendicular to the surface for receiving a tray 
associated with the first jaw. 



20 



270. The machine-vision system or claim 267 wherein the inverting mechanism moves the 
plurality of devices to the second trqy such that the second sides of a plurality of devices are 
presented for inspection. 



271 . The machine-vision system of claim 267 wherein the rotator of the inverting 
mechanism moves the piuralitwof devices to the second tray such that the second sides of a 
plurality of devices are presented for inspection. 

272. The machine- visiory system of claim 271 wherein the mover of the inverting 
25 mechanism is adapted to glace the plurality of devices in the second tray at the second 

inspection station. 
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273. The machine-vision system of claim 272 wherein the tray transfer device includes 
means for moving the second inspection station with respect to the inverting mechanisim. 

274. The machine-vision system of claim 273 further comprising a picker for picking 
devices which fail inspection fromuhe second tray. 



275. A machine-vision system fot inspecting a plurality of devices positioned within a 
plurality of device-carrying trays, the machine-vision system comprising: 

a first tray adapted to carry a plurality of devices; 

a second tray adapted to carry a plurality of devices; 

a flip station for flipping the plurality of devices carried in a first tray from a first 
inspection position in the first tray t<£ a second inspection position in the second tray. 




276. The machine-vision system pfoldim 275 wherein the flip station further comprises: 
a first jaw having a surface for receiving a first tray; 
a second jaw having a surface for receiving a tray; 

a mover for moving the first jaw, a first tray having a plurality of devices, a second 
tray, and the second jaw into engagement with each other, said first tray associated with the 
first jaw and the second tray associated with the second jaw; and 

a rotator for rotating the first and second jaw. 



277. The machine-vision system of claim 276 further comprising: 

a first slide clamp for holding at least the first tray, said first slide clamp moving the 
first tray from a first inspection station to a flip station; and 

a second slide clamp for holding at least the second tray, said second slide clamp 
moving the second tray frpm the flip station to the second inspection station. 



278. The machine-vision system of claim 275 wherein the flip station further comprises a 
mechanism for flipping the devices carried in a tray, the mechanism further comprising 
means for limiting the motion of the rotator. 
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279. The machine- vision system of claim 276 wherein the mover moves the first jaw in a 
direction substantially perpendicular to the surface for receiving a tray associated with the 
first jaw. 

280. The machine-vision feystem of claim 276 wherein the mover moves the first jaw and 
the second jaw in a direction substantially perpendicular to the surface for receiving a tray 
associated with the first jaw. 



281 . A flipping mechanisni for transferring a plurality of devices from a position in a first 
tray to a position in a second tray, the flipping mechanism comprising: 
a first jaw having a sui face adapted to receive the first tray; 
a second jaw having a >urface adapted to receive the second tray; 
a mover for moving the; first jaw, the first tray, the second tray, and the second jaw 
into engagement with each othsr, said first tray associated with the first jaw and the second 
tray associated with the seconc jaw; and 

a rotator for rotating thp fipst^and second jaw. 



th i first-ar 



282. The machine-vision sy >tem of claim 281 wherein the mover can be controlled to 
remove the first tray from a fiist inspection surface. 



283. The machine- vision system of claim 281 wherein the mover can be controlled to place 
the second tray at a second inspection surface. 



284. A method for acquiring physical information associated with a plurality of devices 
placed in a tray, the method comprising the steps of: 

inspecting a first side of a device within a first tray; 

removing the first tray from a first surface and placing the first tray at a flip station; 
moving a second tray to a position near the first tray; 

flipping the firtt tray and second tray to move the device from the first tray to the 
second tray and place the device in the second tray so that a second side of the device is 
presented in the second tray; and 

inspecting a second side of the device within the second tray. 
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285. The method of claim 284, further including the step of moving the second tray to a 
second inspection surface. 



286. A machine-vision system for inspecting a plurality of devices and for inverting the 
plurality of devices from being positioned in a first tray, the machine-vision system 
comprising: 

a first jaw having a surface fok receiving the first tray; 
a second jaw having a surface; 

a mover for moving the first jaw, the first tray having a plurality of devices, and the 
second jaw into engagement with each other, said first tray associated with the first jaw; and 
a rotator for rotating the first ai d second jaw. 

287. The machine-vision system of claim 286 further comprising; 

a first conveyer for moving the first tray having a plurality of devices therein to the 
first jaw; and / 

a second conveyer for moving the first tray having a plurality of devices therein from 
the first jaw. 



288. The machine-vision system of claim 286 wherein the first jaw is capable of holding, 
in any position, a tray devoid of/devices. 



289. The machine-vision system of claim 286 further comprising; 

a slider for transferring the inverted devices from the second jaw into the first tray. 
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